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ABSTRACT 


A  standard  family  of  power  sources  is  propose4  which  will  aAniaisfc  the 
number  and  variety  of  power  sources,  prevent  the  flooding  of  the  supply 
system  with  hardware  that  only  could  he  used  in  a  tingle  application  and 
provide  the  user  with  a  family  of  power  sources  from  which  he  could  select 
one  suitable  to  meet  the  needs  of  his  equipment. 

This  standard  family  incorporates  the  use  of  standard  output  voltages 
(6/12/ 2k  volts),  a  standard  connector  which  provides  electric  interchange" 
ability  and  standard  dimensions  which  provide  physical  interchangeability. 
The  use  of  the  standard  family  achieves  a  new  concept  is  ths  dsployasarfc  of 
power  sources.  So  longer  is  a  single  power  source  developed  for  each 
equipment;  rather,  the  selection  of  a  battery  is  based  on  the  mission 
requirement,  the  user  selecting  the  most  satisfactory  battery  for  the 
particular  deployment  of  his  equipment. 

A  list  of  power  sources,  including  batteries,  fuel  cells,  W&mml 
energy  generators,  and  power  supplies  being  developed  as  part  of  ih@ 
standard  family,  is  included  in  the  report. 
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8TA3TDARD  FAMILY  OF  POWER  SOURCES 


wsmxmM 

3Si®  standardisation  of  power  sources  for  military  equipment  is  essen¬ 
tial  to  minimizs  the  number  mad  variety  of  power  sources,  to  prevent  the 
flooding  of  the  supply  system  with  hardware  that  only  could  be  used  in  a 
single  application  and  to  provide  the  user  with  a  family  of  power  sources 
from  which  he  could  select  one  suitable  to  meet  the  needs  of  his  equipment. 

A  program  for  the  standardization  of  portable  power  sources  has  been 
established  at  UBAECOM  which  is  applicable  and  common  to  all  types  of 
batteries,  fuel  cells,  generators  and  power  supplies.  This  program  gives 
the  user  the  flexibility  of  selecting  the  most  desirable  power  source  for 
hie  needs,  the  ability  to  interchange  power  sources  and  incorpoic*- 
edvaaced  power  source  designs  without  any  retrofitting  of  his  equipment . 

At  the  same  time,  it  eliminates  the  proliferation  of  power  sources  devel¬ 
oped  for  specific  uses  and  reduces  the  need  for  separate  power  source 
development  for  each  new  equipment  development. 

The  main  features  of  the  standard  family  are: 

(1)  She  use  of  standard  output  voltages  (6,  12,  2k  volts). 

(2)  The  use  of  a  standard  iaput/cutput  connector  receptacle. 

(3)  She  design  of  the  standard  family  In  selected  physical 
configuration  or  :rbttilding  blocks.” 

(k)  The  interchangeability  between  power  sources. 

(5)  The  applicability  of  the  design  concept  to  all  portable 
power  sources, 

KADI  FEATURES 

Standard  Output  Voltage  (6,  12,  2k  Volts) 

Baa  heart  of  the  standard  family  of  power  sources  is  the  use  of  stan¬ 
dard  output  voltages  and  the  limiting  of  these  to  only  three  different 
voltages.  The  voltages  selected  were  6,  12  and  2k  volts  dc  (nominal)  vitb 
the  24  volt  output  being  preferred  to  obtain  compatibility  with  vehicular 
power  sources. 

Limiting  the  number  of  standard  voltages  has  been  found  to  cause  little 
or  no  hardship  to  the  equipment  engineer  as  he  can  control  his  design  to 
aeccsmBOdate  these  voltages.  It  is  a  key  element  in  the  concept  of  stan¬ 
dardisation  to  control  the  variety  of  power  sources  and  obtain  multiple  use 
for  each  of  the  power  sources  in  the  family. 
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A  singLt  sis  pin  output  receptacle  Is  used  oo  the  power  secret*  in  the 
standard  tmi ly  to  attain  couplets  intercheagesfeillty  end  provide  tbs 
proper  out pat  voltage.  This  receptacle  is  shown  on  a  battery  in  Figure  1. 
She  wiring  smsagsasnt  to  this  coaasetcr  is  detailed  in  Figure  2.  All 
batteries  are  ©osseeted  in  two  sections  with  two  sets  of  leads  brought  up 
to  tbe  connecter- <  fins,  12 /2k  volt  batteries  are  wired  aa  two  12  welt 
sections.  She  e^ijasnt  connector  is  wired  to  seriee  or  parallel  these 
sections  to  provide  2k  or  12  volt  output;  or  to  use  eecb  12  welt  eestien 
as  aa  independent  power  source.  Similarly,  the  6/12  volt  battery  Is  wired 
for  6  or  12  volts. 

Aa  lapeztaat  advantage  of  this  connect  or  systea  la  the  prevention  of 
voltage  nUnetchias.  It  can  be  seen  frost  Figure  2  that  tbs  squlpmnt  is 
protected  if  it  is  oo asserted  to  a  battery  of  iaproper  voltage*  If,  for 
sxaspls,  on  sqajp—nfc  requiring  6  volts  is  consulted  to  a  six  oar  6/12  volt 
battery,  the  equipnsnt  will  see  6  volts.  However,  if  the  6  volt  equlpnsnt 
is  erroneously  connected  to  n  12/24  volt  battery  containing  two  12  volt 
sections,  no  voltage  is  applied  to  the  tgilp— it  and  no  ham  can  be  done. 
Ihe  Mae  protection  applies  for  a  2k  volt  squliwmit  connecter  pinging 
into  a  6  volt  battery  or  any  other  ai— itching. 

The  battery  receptacle  (described  in  USAMXM  Twhnlcnl  BequLrsaeac 
SCLr-6026)1  is  available  in  two  versions;  an  inexpensive  plastic  scolded 
receptacle  for  prlnsxy  disposable  batteries  (Figure  3)  and  the  pemaaesxt 
receptacle  used  in  stamen  batteries  and  other  power  supplies  which  ase 
used  repetitively-  end  have  long  tem  use.  Suitable  nale  connectors  and 
cssasctlng  cables  for  6,  12  and  24  volt  eqgjpneats  are  available.  Details 
of  these  devices  also  are  described  in  SC£r602B. 

Physical  Intarchangesbillty 

The  standard  f easily  of  power  sources  is  dsslgnad  to  provide  physical 
interchangeability  between  power  sources  and  eqolpmat  in  order  to  achieve 
flexibility  and  the  ggslwaa  use  of  each  power  source.  This  is  accomplished 
by  using  two  basic  configurations,  identified  as  Typo  I  (nespaek)  and  Type 
n  (nan-portable)  and  by  building  all  standard  ftally  poosr  sources  in 
these  configurations.  The  designations  "Type  I"  usd  "Type  II"  depict  the 
interface  cross-section,  or  footprint  dissension  of  the  power  source  and 
usar  equlpnsnt.  fSs»  height  of  the  power  source  is  varied,  depending  on 
the  voltage  and  'margy  rating  end  the  type  of  power  soure  j  ^aployed. 

file  advantage  of  those  set  physical  dissensions  ic  that  all  equipment 
designed  to  the  standard  interface  will  Eatc  physically  and  electrically 
with  an  appropriate  laesbor  of  the  standard  fmily  of  power  sources.  to, 
the  perwor  sources  coot  oui table  for  &  given  aiasion  eon  be  selected  ratter 
than  one  which  was  uniquely  designs!  for  only  one  ©faigsssafe. 


file  Type  I  asa^sck  design  has  a  footprint  dijssnaion  of  4"  x  12"  m 
shown  in  the  interface  control  drawing  of  Figur©  k.  Vi m  A-A  ©town  th© 
interface  dissensions  of  the  battery  of  Type  X  power  source  and  view  B-B 
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shows  the  underside  of  the  equipment  container.  The  power  source  and  user 
equipment  are  sated  directly,  eliminating  the  use  of  an  interconnecting 
cable  and  providing  a  watertight  seel  at  the  interface  when  the  user  equip¬ 
ment  is  placed  on  top  of  the  power  source.  An  additional  advantage 
acquired  from  this  sating  procedure  is  the  elimination  of  power  losses  by 
an  interconnecting  cable. 

The  Type  n  design,  which  baa  a  cross-section  of  6-3/4"  x  12",  1b 
shown  in  Figure  5  and  is  used  in  a  similar  Banner  as  the  Type  I  configura¬ 
tion. 


Figure  6  illustrates  a  hybrid  sanpack  Type  I  power  source  and  shows 
the  flexibility  of  this  approach.  5he  system  consists  of  a  secondary 
battery  on  the  bottom,  a  silent  fuel  cell  in  the  middle  and  a  portable 
radio  on  top.  She  hybrid  combination  of  fuel  cell  and  battery  provides 
the  lightest  weight  system  for  moderate  to  long  tern  operation  of  the  radio 
set.  For  remote  area  patrol  duty,  where  only  short  tern  operation  is  re¬ 
quired  end  Where  weight  is  a  critical  factor,  the  fuel  cell  can  be  elimi¬ 
nated  and  the  radio  set  can  be  operated  directly  from  the  battery,  or  other 
suitable  power  source  without  requiring  any  electrical,  mechanical  or 
physical  modification  or  adjustment. 

Several  of  the  power  sources  in  the  standard  family,  particularly  the 
larger  fuel  cells  and  thexmoelectric  generators,  do  not  lend  themselves  to 
Type  I  or  Type  II  configurations.  Similarly,  some  equipments  cannot  be 
designed  to  these  set  dimensions.  Although  such  equipments  cannot  physi¬ 
cally  interface  with  the  appropriate  power  sources,  they  can  be  electri¬ 
cally  compatible  through  use  of  the  standard  connector/receptacle  and  the 
proper  cable. 

In  addition,  it  is  likely  that  future  miniaturization  of  electronic 
equipment  will  Bake  it  desirable  to  standardize  on  a  configuration  with  a 
i  w  cross-section  than  Type  I.  This  will  be  considered  as  soon  as  such 
requirements  materialize. 

Applicability  to  all  Types  of  Power  Sources 

Ideally,  it  would  be  desirable  if  a  single  battery  systesa  or  power 
generator  could  handle  all  military  requirements.  However,  as  no  one 
system  is  superior  in  all  respects  for  all  types  of  applications,  it  is 
necessary  to  utilize  a  number  of  different  power  sources  -  each  having 
certain  advantageous  characteristics  for  a  particular  use.  This  is  illus¬ 
trated  in  Figure  7.  The  requirement  of  power  level  is  plotted  against 
operating  ties  and  the  most  effective  portable  power  source  for  the 
different  types  of  use  is  shown  in  the  matrix.  It  is  seen  that  special 
batteries  are  used  to  best  handle  the  short  time  requirements  of  fuzes 
and  missiles.  Secondary  batteries  are  best  in  applications  up  to  about 
one  (1)  hour.  Conventional  primary  batteries  and  metal -air  batteries  are 
employed  up  to  20-50  hours  and  the  thermoelectric  generators  and  fuel 
cells  for  long  operating  times. 
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FUEL  CELLS  1  (HYDROCARBON) 


The  general  practice  in  the  past  has  been  to  provide  one  type  of  power 
source  for  each  equipment.  This  has  not  only  resulted  in  &  proliferation 
of  power  sources,  hut  generally  has  resulted  in  a  costprcmse  in  Meeting 
all  of  the  perfonzance  requirements.  With  the  standard  f sally,  there  is 
no  longer  a  one-to-one  relationship  between  power  source  and  equipment. 
Bather,  the  user  can  select  the  power  source  that  best  meets  the  particular 
Mission  or  use  of  the  equipment  and  easily  change  the  power  source  when  the 
Mission  Is  changed.  This  "Mission-orientation"  provides  the  user  with  the 
best  battery  for  his  particular  need  and  reduces  the  masher  of  types  as 
each  power  source  has  a  Multiplicity  of  applications. 

Standard  family  power  sources  are  being  developed  in  the  following 
system s.  A  listing  of  seme  of  the  types  being  developed  and  considered  as 
a  possible  rasher  of  the  standard  family  is  given  in  Appendix  A. 

Primary  Batteries 

The  standardization  of  the  priaary  battery  is  illustrated  with  the 
development  of  the  aagneslua  dry  cell  batteries  BA-4520,  BA-4521,  BA-W340 
and  the  alkaline  battery  BA-3840.  All  batteries  provide  the  12/24  volt 
selection  through  the  standard  6  pin  connector.  The  primary  battery  is 
housed  and  structurally  protected  by  the  user  equipaent.  (Figure  3) 

Secondary  Batteries 

The  standard  family  of  secondary  batteries  are  available  in  both  Type 
I  and  Type  II  configurations,  in  either  6,  6/12  or  12/24  volt  combinations, 
and  in  the  nlckel-cadBiun  and  zinc-silver  oxide  electrochealcal  system. 

The  nlckel-cadaluM  system  is  noted  for  its  reliable  long-life  performance; 
the  zinc-silver  oxide  for  its  high  energy  density.  The  smaller  size 
batteries  are  available  in  sealed  cell  construction. 

Reserve  Batteries 


The  reserve  batteries  are  specially  designed  batteries,  which  are 
usually  very  active,  high  energy  systems.  They  are  Manufactured  and  stored 
in  a  dry  state,  without  water  or  electrolyte,  as  in  this  condition  they  can 
have  a  long  shelf  life  (once  activated,  their  life  is  limited).  Standard 
family  reserve  batteries  have  been  designed  using  the  magnesium  perchlorate 
battery  for  low  temperature  use  and  the  water-activated  zinc-air  battery, 
for  light  weight,  high  energy  density  (100  watthours/lb)  operation  of 
ccannuilcatlon-ttlectronic  equipment. 3 

Figures  8  and.  9  illustrate  the  Type  I  Magnesium  perchlorate  battery 
with  activator  and  water  activated  battery,  respectively* 

Metal-Air  Batteries 

The  ratal-air  battery  is  mechanically  rechargeable;11  it  is  recharged 
by  removing  the  discharged  anodes,  pouring  vater  into  the  cells  and 
reinserting  new  zinc  anodes  (See  Figure  10).  Recharging  time  is  less  than 
10  minutes  as  opposed  to  hours  for  electrically  rechargeable  batteries. 

The  mechanically  rechargeable  battery  is  also  noted  for  its  high  energy 
density  (80-100  watthours/lb). 
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The  metal-air  battery  has  been  standardized  in  Type  I  and  Type  II 
configurations  and  with  the  standard  receptacle  in  6/12  or  12/24  volt 
outputs. 


Fuel  Cells 


Si«  fuel  cell  is  a  new  electrochemical  system,  nearing  completion  of 
development,  with  the  potential  of  yielding  over  4oo  vatthours/pound. 

Figure  11  illustrates  the  60  watt-hydrazine  fuel  cell  PP-6204  with  a 
hybrid  storage  battery  in  a  24  volt  design  which  provides  a  source  of 
energy  to  start  the  fuel  cell  and  handle  peek  povc«*  outputs.  The  60  watt 
fuel  cell  is  designed  in  the  Type  I  configuration;  various  size  batteries 
can  be, chosen  for  the  hybrid  depending  on  the  peak  pewer  and  energy  require¬ 
ments.5  Larger,  higher  power  fuel  eell%  using  hydra?  »ae  or  hydrocarbon 
fuels,  are  being  designed.  These  units  will  bsve  the  standard  output 
receptacle. 


Thermoelectric  generator 

The  thermoelectric  generator  is  the  one  a i lent  power  source  now 
available  for  forward  area  field  use  that  is  capable  of  using  all  types  of 
conventional  liquid  lydrocsxfeon  fuels  that  are  available  in  the  field. 
Figure  12  Illustrates  FP-6335>  a  60  watt  unit  In  the  Type  I  configuration. 
10  A,  20  A  and  30  A  unite  (24  V)  are  also  being  designed  with  the  standard 
output  receptacle.  They  can  be  used  both  as  power  sources  or  as  battery 
chargers. 


Battery  Charge r>  and  Power  Supplies 

Battery  Chargers  and  AC-DC  power  supplies  have  been  designed  to  charge 
6-24  volt  batteries  sad  to  power  equipments  requiring  either  12  -  16,  or 
24-32  volts  DC.  All  battery  chargers  and  power  supplies  under  development 
requiring  AC  input  voltages  have  been  standardized  to  operate  from  112/230  V 
and  50/60/400  He.  Sigh  current  power  supplies  from  25  A  and  above  have 
been  designed  to  be  vehicle  and  rack  mounted.  Lower  current  power  supplies 
are  designed  for  vehicle  mounting  sad  for  Type  I  or  Type  II  configurations. 
An  exsaple  of  a  Type  I  AC-DC  power  supply  is  shown  in  Figure  13. 

Inverter 


Sixty  and  400  Hz  static  sine  wave  inverters  have  also  been  designed 
in  the  Type  I  and  Type  II  standard  configurations.  The  output  characteris¬ 
tics  of  these  inverters  are  regulated  to  provide  an  output  voltage  of 
120  V  AC  +1 $  at  desired  frequency  +5$«  The  inverter  is  designed  to  operate 
from  any  of  the  batteries  in  the  standard  family. ' 

CONCLUSIONS 

A  standard  family  of  paver  sources  has  been  developed  which  offers  the 
user  a  wide  choice  of  power  sources  so  he  can  select  one  most  suitable  to 
his  mission.  At  the  same  time,  this  standard  family  by  its  use  of  a  limited 
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11.  SPONSOR**©  MILITARY  ACTIVITY 
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.  A Vk® TRACT  — 

A  standard  faaUy  of  pesser  s>srasmae  is  prsposad  teieh  will  irl  sitting  tea  rustear 
■ad  variety  at  pewar  ©snree®,  prevest  the  floodteS  of  tee  msfply  syatea  with  hardware 
that  only  tael*  bo  sa«d  la  a  niseis  sggliea&iea  ea d  provide  tea  user  with  t  fonily  of 
peaer  scares*  fr»  wfeieh  he  cmild  Balaet  oas  witafcle  to  saart  tee  nasds  of  his 

me  stead®*  £wtULy  irtsespersteo  tea  me  of  standard  output  voltages  (6/12/24 
vsite),  ft  steasfiafd  essssaster  shite  pruvidso  electric  intorcboaysabllity  mi  standard 
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